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(57) ABSTRACT 

Acompact; economical air bag fabric of loW air permeability 
and light mass is realiZed by a thermoplastic ?ber fabric 
having a distribution of pores formed by the ?bers con 
structing the fabric; that is; the pore distribution of 2.0 or 
smaller and air permeability of 2.5 L/cm2/min or loWer. By 
setting a permeating deformation index PI of the thermo 
plastic ?ber to 0.1 to 0.6 and the air permeability of the 
fabric at the differential pressure of 20 kPa to 1.0 (L/cm2/ 
min) or loWer; an economical uncoated air bag fabric of 
Which air permeability is loW but increases under the high 
differential pressure condition in the latter period of devel 
opment is obtained. 

24 Claims, No Drawings 
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UNCOATED AIR BAG FABRIC 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a divisional of US. patent 
application Ser. No. 09/616,263, ?led on Jul. 14, 2000, noW 
abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a fabric for an uncoated 
air bag as one of safety devices for a vehicle. More 
particularly, the invention provides a compact, economical 
uncoated air bag fabric having loW air-permeability While 
holding necessary mechanical characteristics. The invention 
also provides a compact air bag fabric of Which air 
permeability is loW but increases at high pressure (40 kpa or 
higher). 

2. Description of the Related Art 
In recent years, an air bag of Which installation rate has 

been rapidly increased as one of safety devices of a vehicle 
protects the driver or occupant in the folloWing manner. 
When a vehicle crashes, the impact is sensed by a sensor, 
high-temperature and high-pressure gas is generated from an 
in?ator, and the air bag is rapidly developed by the gas to 
thereby prevent the driver or occupant’s body from being 
jumped out by the impact so that especially his/her head 
does not collides With the driving Wheel, front glass, door 
glass, and the like. 

Hitherto, a base fabric coated With a synthetic rubber such 
as polychloroprene, chlorosulfonated polyole?ne, or sili 
cone rubber is used for an air bag since it has high heat 
resistance, high air shutoff performance (loW permeability) 
and high non ?ammability. 

The coated base fabrics are, hoWever, heavy and do not 
have satisfactory ?exibility. The manufacturing cost is high 
and the base fabrics are not recyclable. Therefore, the base 
fabrics have such draWbacks When each of them is used as 
a base fabric for an air bag. 

Although the draWbacks have been largely improved in a 
silicone rubber coated base fabric Which is still presently 
used, the fabric is not yet satisfactory. 

Recently, an uncoated air bag using an uncoated base 
fabric for an uncoated air bag is mainstream and the fol 
loWing techniques have been proposed for lighter Weight, 
more preferable foldability and loWer permeability. 
(1) Method of obtaining light base fabric of loW air perme 
ability by performing a shrinking process and a calender 
process after very compact fabric is Woven (Japanese Unex 
amined Patent Publication No. 1-122752). 
(2) Method of obtaining a light base fabric of loW perme 
ability of 0.5 cc/cm2/s or loWer at differential pressure of 124 
Pa by performing a calender procession both sides of the 
base fabric (Japanese Unexamined Patent Publication No. 
4-2835). 
(3) Method of obtaining a base fabric of loW permeability by 
performing a chemical shrinking process on the fabric to 
thereby sWell yarn constructing the fabric (Japanese Unex 
amined Patent Publication No. 6-41844). 
(4) Method of mixing a thermoplastic synthetic ?ber A 
having single yarn siZe of 1.5 d to 7.0 d and a thermoplastic 
synthetic ?ber B having single yarn siZe of 0.2 d to 1.5 d 
(Japanese Unexamined Patent Publication No. 8-325888). 
As a vehicle is becoming lighter and more compact, an 

uncoated air bag is requested to be lighter and more com 
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2 
pact. Manufacture of a compact, economical air bag fabric 
of loW permeability and light METSUKE (mass) cannot be 
achieved by the conventional methods (1) to (4) for reasons 
such that even When the permeability is loW under a loW 
differential pressure condition, the pore siZe ?uctuates at 
high differential pressure and, as a result, the permeability 
increases. 

It is therefore an object of the invention to provide a light 
mass (METSUKE), compact, economical air bag fabric of 
loW permeability. 

Since an air bag has to rapidly develop at the time of a 
collision to protect the driver or an occupant, an uncoated air 
bag fabric is requested to have loW permeability. In the latter 
period of development, it is demanded that the permeability 
increases in order to prevent abrasion on the face Which 
occurs at the time of development. 
A fabric satisfying such performance, hoWever, cannot be 

obtained by the conventional techniques (1) to 
It is another object of the invention to provide an eco 

nomical uncoated air bag fabric having a characteristic such 
that its permeability is loW but becomes high at high 
differential pressure (40 kPa or higher) in the latter period of 
development. 

SUMMARY OF THE INVENTION 

The inventors of the present invention have found out that 
an uncoated air bag fabric of loW permeability and light 
mass (METSUKE) can be obtained by controlling a pore 
distribution PD of pores made by ?bers constructing the 
fabric and have achieved the present invention. 

A compact and economical uncoated air bag fabric of loW 
air permeability and light mass according to the ?rst aspect 
of the invention has the folloWing construction in order to 
solve the problems Which cannot be achieved by the con 
ventional methods. Speci?cally, the air bag fabric of the 
invention is made of thermoplastic ?ber, Wherein a distri 
bution of pores formed by the ?bers constructing the fabric, 
that is, a pore distribution is 2.0 or smaller and air perme 
ability at differential pressure of 20 kPa is 2.5 (L/cm2/min) 
or loWer. 

The pore distribution is de?ned by the folloWing equation 
1. 

PD=(FDmax—FDmin)/FDave (Equation 1) 

Where, 

FDmax: maximum pore siZe (um), 
FDmin: minimum pore siZe (,um), and 
FDave: average ?oW rate pore siZe 

Speci?cally, the air bag fabric of the invention is charac 
teriZed in that the crimp percentage of cloth formed by a 
thermoplastic ?ber, the siZe of mono ?lament to the siZe of 
yarn and Weaving density are adjusted and a proper shrink 
ing process of is performed With heating, thereby controlling 
the pore distribution. The Weaving density is preferably 
controlled by adjusting density and crimp percentage of gray 
fabric by controlling Weaving condition. The pore distribu 
tion is preferably 1.9 or smaller. More preferably, the 
uncoated air bag fabric has air permeability of 1.4 (L/cm2/ 
min) or loWer. 

According to the second aspect of the invention, there is 
provided an economical uncoated air bag fabric of Which air 
permeability is loW but increases under a high differential 
pressure condition in the latter period of development, 
Which has the folloWing constitution. 
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The air bag fabric of the invention is made of thermo 
plastic ?ber, Wherein a permeating deformation index (PI) of 
the thermoplastic ?ber is in a range from 0.1 to 0.6 and air 
permeability of the fabric at differential pressure of 20 kPa 
is 1.0 (L/cm2/min) or loWer. 

The permeating deformation index PI is expressed by the 
following equation 2. 

PI=M(3)><(Den><p/f)1/2 

M(3): tensile resistance value (g/d) of the ?ber of fabric at 
3% elongation 

Den: denier (d) of the ?ber constructing the fabric 
f: the number of mono ?laments in the yarn that constructing 

the fabric 
p: density of thermoplastic ?bers (g/cm3) 

(Equation 2) 

The uncoated air bag fabric of the invention is character 
iZed in that the permeating deformation index of each of a 
Warp and a Weft Which are obtained in a manner such that a 
thermoplastic ?ber is Woven to obtain cloth and the cloth is 
subjected to a shrinking process by being heated is adjusted 
to 0.1 to 0.6. 

The permeating deformation index PI expresses the ratio 
of a tensile resistance value of the single yarn When the ?ber 
is deformed slightly (3% elongation) to the surface area of 
the mono ?lament by an index by the equation 2. That is, by 
adjusting the balance betWeen the diameter of the ?ber used 
for the fabric and the elastic modulus of the ?ber to Which 
pressure is loaded, the uncoated air bag fabric having the 
properties as a target can be obtained. When the permeating 
deformation index is smaller than 0.1, the deformation of the 
?ber becomes large at the differential pressure of 20 kPa or 
loWer. In association With it, the air permeability becomes 
high even at a relatively loW differential pressure. When the 
permeating deformation index exceeds 0.6, the air perme 
ability at the differential pressure of 50 kPa cannot be 
increased, so that it is unpreferable. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Boiling Water shrinkage percentage of a thermoplastic 
?ber as yarn used for an uncoated air bag fabric of the 
invention has to be 5 to 15%. When the boiling Water 
shrinkage percentage of the yarn is loWer than 5%, loW 
permeability as a target cannot be obtained. When it is 
higher than 15%, the fabric after shrinkage becomes thick 
and looses compactness. Thus, it is not preferable. More 
preferable, the boiling Water shrinkage percentage of the 
yarn is 8 to 12%. 

Temperature of a heating process for performing a shrink 
ing process is not especially limited but is usually 100 to 
200° C. Preferably, it is suitable to perform a process at 160° 
C. or loWer in order to obtain loW permeability. An apparatus 
for performing a shrinking process is not limited to a heat 
setter, a boiling Water bath, and the like. An apparatus 
capable of performing longitudinal and lateral overfeeding 
of about 2 to 15% is employed. In the invention, since it is 
necessary to adjust a permeating deformation index of ?bers 
constructing the fabric to 0.1 to 0.6, facilities capable of 
adjusting it are properly selected and used. 

The manner of Weaving is not especially limited. When 
the uniformity of the base fabric property is considered, 
plain Weaving is preferable. For example, an air-jet loom, a 
rapier loom, Water-j et loom and the like are used for Weaving 
but the invention is not especially limited to those. 

Examples of thermoplastic ?bers for constructing an air 
bag in the invention are aliphatic polyamide ?bers such as 
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4 
nylon-6, nylon-6,6, nylon-4,6, and nylon-12 and polyester 
?bers such as polyethylene terephthalate and polybutylene 
terephthalate. The invention is not limited to the above. In 
consideration of cost ef?ciency and impact resistance, 
polyamide ?bers such as nylon-6,6, nylon-4,6 and nylon-6 
are especially preferable. There is no problem When various 
additives may be contained or given in the synthetic ?bers 
in order to improve the ?oW in a yarn manufacturing process 
and a post process. Examples of the additives are oxidation 
inhibitor, heat stabiliZer, smoother, anti-static agent, and 
?ame retarder. 

Preferably, the total siZe of each of the yarn to be used is 
100 to 700 d and mono ?lament siZe is 8 d or smaller. More 
preferably, the total siZe of the yarn to be used is 150 to 420 
d and the mono ?lament siZe is 4 d or smaller. 
When the total siZe is smaller than 100d, the tensile 

strength and the tear strength of cloth are insuf?cient. When 
it exceeds 700 d, the ?exibility of fabric is lost and it is 
disadvantageous from the vieWpoint of foldability and it 
becomes difficult to satisfy the demand of compactness of 
the air bag. 

Also in the case Where the mono ?lament siZe exceeds 8 
d, the ?exibility of fabric is lost and it is disadvantageous 
from the vieWpoint of foldability. 
The air permeability in the invention is 2.5 L/cmZ/min or 

loWer at the differential pressure of 20 kPa. Preferably, it is 
1.5 L/cmZ/min or loWer. More preferably, it is 1.0 L/cm2/min 
or loWer. When the air permeability is higher than 2.5 
L/cmZ/min, the development of an uncoated air bag made of 
the fabric is not suf?cient. 

Preferably, the yarn is substantially not tWisted or loosely 
tWisted. More preferably, no-tWisted yarn is used for the 
folloWing reason. In the case of obtaining a fabric of loW air 
permeability by using yarn of small single yarn siZe, When 
it is tWisted, expansion of the single yarn is restricted and it 
becomes difficult to achieve loW air permeability. 
A difference betWeen the crimp percentage in the longi 

tudinal direction and that in the lateral direction of the fabric 
of the invention is, preferably, 4% or loWer. When it is 
higher than 4%, the maximum pore siZe in the pore distri 
bution becomes large and it is often dif?cult to obtain fabric 
of loW air permeability. On the other hand, the crimp 
percentage of the invention is preferably 2 to 6% to make the 
pore distribution small but the invention is not limited to the 
percentage. 

According to the ?rst aspect of the invention, a light (loW 
METSUKE), ?exible and economical air bag fabric of loW 
air permeability While holding mechanical characteristics 
necessary as the air bag fabric can be provided. 

According to the second aspect of the invention, an 
economical uncoated air bag fabric of Which air permeabil 
ity is loW but increases at the time of high pressure While 
holding mechanical characteristics necessary as the 
uncoated air bag fabric can be provided. 

The invention Will be described more precisely by the 
folloWing examples. The physical properties in the examples 
Were measured by the folloWing manner. 

METSUKE: measured folloWing to JIS L1096 6.4.2 
Weaving density: measured folloWing to JIS L1096 6.6 
air permeability: measured by an air permeating amount 

measuring machine made by OEM system 
bending resistance: measured folloWing to JIS L1096 

6.19.1.A method (450 cantilever method) 
boiling Water shrinkage percentage: measured folloWing to 

JIS L1013 hot Water shrinkage percentage B method 
1000 C. 
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3% tensile resistance value: tension test is conducted by 
using a tension tester at an initial load of 0.01 g/d and the 
tension at 3% elongation is measured 

air permeability value: air permeability When the differential 
pressure is 10, 20, 40 and 50 kPa is measured by using an 
air permeating amount measuring machine and air per 
meability value a/b (APEa/b) is calculated by the equation 
(3). The larger the air permeability value is, the higher the 
air permeability is. 

APEa/b=log(Pa/Pb)/log(a/b) (Equation 3) 

Pa: air permeability (L/cmZ/min) measured at a (kPa) 
Pb: air permeability (L/cmZ/min) measured at b (kPa) 
APEa/b: air permeability value betWeen akPa and bkPa 

(a>b) 
pore distribution: measured using COULTER POROM 
ETER II (COULTER ELECTRONICS LIMITED, 
ENGLAND) 

Examples 1 to 3 and comparative examples 1 to 3 relate 
to the ?rst aspect of the invention. 

EXAMPLE 1 

A plain Weave fabric Was made by a Water-jet loom by 
using a no-tWisted Warp of 420 d/144 f (single yarn siZe of 
2.9 d) having boiling Water shrinkage percentage of 9.5% 
and a no-tWisted Weft of 420 d/144 f (single yarn siZe of 2.9 
d) having boiling Water shrinkage percentage of 9.5%. The 
overfeeding percentage adjustment and a shrinkage process 
Was performed in the boiling Water. Subsequently, the fabric 
Was dried at 140° C., thereby adjusting so that the pore 
distribution value becomes 1.0. In such a manner, an 
uncoated air bag fabric Was obtained. Table 1 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

EXAMPLE 2 

A plain Weave fabric Was made by a Water-jet loom by 
using a no-tWisted Warp of 315 d/108 f (single yarn siZe of 
2.9 d) having boiling Water shrinkage percentage of 9.5% 
and a no-tWisted Weft of 315 d/108 f (single yarn siZe of 2.9 
d) having boiling Water shrinkage percentage of 9.5%. The 
overfeeding percentage adjustment Water and a shrinkage 
process Was performed in the boiling. Subsequently, the 
fabric Was dried at 130° C., thereby adjusting so that the pore 
distribution value becomes 1.2. In such a manner, an 
uncoated air bag fabric Was obtained. Table 1 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

EXAMPLE 3 

A plain Weave fabric Was made by a Water-jet loom by 
using a no-tWisted Warp of 315 d/72 f (single yarn siZe of 4.4 
d) having boiling Water shrinkage percentage of 10.5% and 
a no-tWisted Weft of 315 d/72 f (single yarn siZe of 4.4 d) 
having boiling Water shrinkage percentage of 10.5%. The 
overfeeding percentage Was adjustment and a shrinkage 
process Was performed in the boiling Water. Subsequently, 
the fabric Was dried at 140° C., thereby adjusting so that the 
pore distribution value becomes 1.8. In such a manner, an 
uncoated airbag fabric Was obtained. Table 1 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

Comparative Example 1 
A plain Weave fabric Was made in a Water-jet loom by 

using a no-tWisted Warp of 420 d/144 f (single yarn siZe of 
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6 
2.9 d) having boiling Water shrinkage percentage of 9.5% 
and a no-tWisted Weft of 420 d/144 f (single yarn siZe of 2.9 
d) having boiling Water shrinkage percentage of 9.5%. The 
overfeeding percentage Was adjustment and a shrinkage 
process Was performed in the boiling Water. Subsequently, 
the fabric Was dried at 160° C., thereby adjusting so that the 
pore distribution value becomes 2.1. In such a manner, an 
uncoated air bag fabric Was obtained. Table 1 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

Comparative Example 2 

A plain Weave fabric Was made by a Water-jet loom by 
using a no-tWisted Warp of 315 d/72 f (single yarn siZe of 4.4 
d) having boiling Water shrinkage percentage of 10.5% and 
a no-tWisted Weft of 315 d/72 f (single yarn siZe of 4.4 d) 
having boiling Water shrinkage percentage of 10.5%. The 
overfeeding percentage Was adjustment and a shrinkage 
process Was performed in the boiling Water. Subsequently, 
the fabric Was dried at 180° C., thereby adjusting so that the 
pore distribution value becomes 2.4. In such a manner, an 
uncoated airbag fabric Was obtained. Table 1 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

Comparative Example 3 

A plain Weave fabric Was made by a Water-jet loom by 
using a no-tWisted Warp of 315 d/108 f (single yarn siZe of 
2.9 d) having boiling Water shrinkage percentage of 9.5% 
and a no-tWisted Weft of 315 d/ 108 f having boiling Water 
shrinkage percentage of 9.5%. The overfeeding percentage 
Was adjustment and a shrinkage process Was performed in 
the boiling Water. Subsequently, the fabric Was dried at 170° 
C., thereby adjusting so that the pore distribution value 
becomes 2.2. In such a manner, an uncoated air bag fabric 
Was obtained. Table 1 shoWs the physical property evalua 
tion result of the uncoated air bag fabric. 
As obviously understood from Table 1, the fabric of the 

invention has light mass (light METSUKE) and loW air 
permeability. 

Examples 4 to 6 and comparative examples 4 to 7 relate 
to the second aspect of the invention. 

EXAMPLE 4 

A plain Weave fabric Was made by using no-tWisted yarn 
of 420 d/72 f (single yarn siZe of 5.8 d) having boiling Water 
shrinkage percentage of 9.5% as Warp and by using 
no-tWisted yarn of 420 d/72 f having boiling Water shrinkage 
percentage of 9.5% as Weft. A shrinkage process Was per 
formed With boiling Water. Subsequently, the fabric Was 
dried at 140° C. and the gray fabric Was set by shrinking the 
longitudinal siZe by 6.0% and shrinking the lateral siZe by 
5.5%. In such a manner, an uncoated air bag fabric having 
a density of 55 pieces of yarn per inch in the longitudinal 
direction and a density of 55 pieces of yarn per inch in the 
lateral direction Was obtained. Table 2 shoWs the physical 
property evaluation result of the uncoated air bag fabric. 

EXAMPLE 5 

A plain Weave fabric Was made by using no-tWisted yarn 
of 420 d/72 f (single yarn siZe of 5.8 d) having boiling Water 
shrinkage percentage of 10.0% as Warp and no-tWisted yarn 
of 420 d/72 f having boiling Water shrinkage percentage of 
6.0% as Weft. A shrinking process Was performed With 
boiling Water. Subsequently, the fabric Was dried at 130° C. 
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and the gray fabric Was set by shrinking the longitudinal size 
by 5.5% and shrinking the lateral siZe by 4.0%. In such a 
manner, an uncoated air bag fabric having a density of 54 
pieces of yarn per inch in the longitudinal direction and a 
density of 54 pieces of yarn per inch in the lateral direction 
Was obtained. Table 2 shoWs the physical property evalua 
tion result of the uncoated air bag fabric. 

EXAMPLE 6 

A plain Weave fabric Was made by using one kind of 
no-tWisted yarn of 315 d/72 f (single yarn siZe of 4.4 d) 
having boiling Water shrinkage percentage of 10.5% as Warp 
and no-tWisted yarn of 315 d/72 f (single yarn siZe of 4.4 d) 
having boiling Water shrinkage percentage of 10.5% as Weft. 
A shrinking process Was performed With Warm Water of 90° 
C. Subsequently, the fabric Was dried at 140° C. and the gray 
fabric Was set by shrinking the longitudinal siZe by 7.5% and 
shrinking the lateral siZe by 6.5%. In such a manner, an 
uncoated air bag fabric having a density of 63 pieces of yarn 
per inch in the longitudinal direction and a density of 62 
pieces of yarn per inch in the lateral direction Was obtained. 
Table 2 shoWs the physical property evaluation result of the 
uncoated air bag fabric. 

Comparative Example 4 

A plain Weave fabric Was made by a loom by using 
no-tWisted yarn of 420 d/72 f (single yarn siZe of 5.8 d) 
having boiling Water shrinkage percentage of 6% as Warp 
and one kind of no-tWisted yarn of 420 d/72 f having boiling 
Water shrinkage percentage of 6% as Weft. A shrinking 
process Was performed With boiling Water. Subsequently, the 
fabric Was dried at 150° C. and the gray fabric Was set by 
shrinking the longitudinal siZe by 6.0% and shrinking the 
lateral siZe by 6.0%. In such a manner, an uncoated air bag 
fabric having a density of 55 pieces of yarn per inch in the 
longitudinal direction and a density of 55 pieces of yarn per 
inch in the lateral direction Was obtained. Table 2 shoWs the 
physical property evaluation result of the uncoated air bag 
fabric. 

Comparative EXample 5 

Aplain Weave fabric Was made by using no-tWisted yarn 
of 315 d/72 f (single yarn siZe of 4.4 d) having boiling Water 
shrinkage percentage of 10.5% as Warp and no-tWisted yarn 
of 315 d/72 f having boiling Water shrinkage percentage of 
10.5% as Weft. A shrinkage process Was performed With 
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boiling Water. Subsequently, the fabric Was dried at 150° C. 
and the gray fabric Was set by shrinking the longitudinal siZe 
by 10.0% and the lateral siZe by 10.0%. In such a manner, 
an uncoated air bag fabric having a density of 63 pieces of 
yarn per inch in the longitudinal direction and a density of 
62 pieces of yarn per inch in the lateral direction Was 
obtained. Table2 shoWs the physical property evaluation 
result of the uncoated air bag fabric. 

Comparative EXample 6 

A plain Weave fabric Was made by using no-tWisted yarn 
of 315 d/72 f (single yarn siZe of 4.4 d) having boiling Water 
shrinkage percentage of 9.5% as Warp and no-tWisted yarn 
of 315 d/72 f having boiling Water shrinkage percentage of 
9.5% as Weft. A shrinking process Was performed With 
boiling Water. Subsequently, the fabric Was dried at 150° C. 
and the gray fabric Was set by shrinking the longitudinal siZe 
by 6.0% and shrinking the lateral siZe by 3.2%. In such a 
manner, an uncoated air bag fabric having a density of 63 
pieces of yarn per inch in the longitudinal direction and a 
density of 62 pieces of yarn per inch in the lateral direction 
Was obtained. Table 2 shoWs the physical property evalua 
tion result of the uncoated air bag fabric. 

Comparative EXample 7 

A plain Weave fabric Was made by using no-tWisted yarn 
of 420 d/72 f (single yarn siZe of 5.8 d) having boiling Water 
shrinkage percentage of 6.0% as Warp and no-tWisted yarn 
of 420 d/72 f having boiling Water shrinkage percentage of 
6.0% as Weft. A shrinking process Was performed With 
boiling Water. Subsequently, the fabric Was dried at 150° C. 
and the gray fabric Was set by shrinking the longitudinal siZe 
by 5.2% and the lateral siZe by 2.6%. In such a manner, an 
uncoated air bag fabric having a density of 53 pieces of yarn 
per inch in the longitudinal direction and a density of 53 
pieces of yarn per inch in the lateral direction Was obtained. 
Table 2 shoWs the physical property evaluation result of the 
uncoated air bag fabric. 

As obviously understood from the results of Table 2, the 
uncoated air bag fabric of the invention is of loW air 
permeability and has high air permeability value of 1.4 or 
higher (50/40: air permeability value in the period in Which 
the differential pressure is from 50 kPa to 40 kPa), and the 
air permeability at the time of high pressure is higher as 
compared With the comparative examples. 

TABLE 1 

F amnle Comparative F amnle 

1 2 3 1 2 3 

size longitudinal direction 420d144f 315d108f 315d 72f 420d144f 315d 72f 315d108f 
lateral direction 420d144f 315d108f 315d 72f 420d144f 315d 72f 315d108f 

boiling Water longitudinal direction 9.5 9.5 10.5 9.5 10.5 9.5 
shrinkage percentage lateral direction 9.5 9.5 10.5 9.5 10.5 9.5 
(‘70) of yarn 
METSUKE (mass) after process (g/m2) 210 177 185 221 192 183 
Weaving density longitudinal direction 53 59 63 53 63 59 
(pcs/in) lateral direction 53 59 62 53 62 59 
crimp percentage (%) longitudinal direction 5.8 5.2 5.0 8.6 7.6 8.8 

lateral direction 3.2 3.6 3.5 2.3 1.9 1.6 
bending resistance longitudinal direction 78 72 82 76 80 70 
(mm) lateral direction 110 95 105 120 112 105 
air permeability (L/cmZ/min) 0.5 0.5 0.7 1.6 2.2 2.1 
pore distribution 1.0 1.2 1.3 2.1 2.4 2.2 



US 6,892,767 B2 
9 10 

TABLE 2 

F ample Comparative F ample 

4 5 6 4 5 6 7 

size longitudinal 420d 72f 420d 72f 315d 72f 420d 72f 315d 72f 315d 72f 420d 72f 
direction 
lateral 420d 72f 420d 72f 315d 72f 420d 72f 315d 72f 315d 72f 420d 72f 
direction 

boiling Water longitudinal 9.5 10.0 10.5 6.0 10.5 9.5 6.0 
shrinkage percentage direction 
(%) of yarn lateral 9.5 6.0 10.5 9.5 10.5 9.5 6.0 

direction 
shrinkage percentage longitudinal 6.0 5.5 7.5 6.0 10.0 6.1 5.2 
(%) of gray fabric direction 
after process lateral 5.5 4.0 6.5 6.0 10.0 3.2 2.6 

direction 
Weaving density longitudinal 55 54 63 55 63 63 53 
(pcs/in) direction 

lateral 55 54 62 55 62 62 53 
direction 

permeating longitudinal 0.16 0.18 0.16 0.09 0.07 0.15 0.16 
deformation index direction 

lateral 0.48 0.42 0.46 0.32 0.10 0.68 0.27 
direction 

air permeability (L/cmZ/min) 0.7 0.8 0.8 0.9 1.2 0.9 1.5 
air permeability 20/10 1.0 1.1 1.0 1.2 1.2 1.1 0.9 
value 50/40 1.5 1.4 1.6 1.3 1.2 1.0 1.0 

What is claimed is: 
1. Amethod of producing a Woven uncoated air bag fabric 

comprising: 
(a) providing an original yarn of a thermoplastic ?ber that 

has a single yarn size of 8 d or loWer, a total yarn size 
of 100 to 700 d, and a boiling Water shrinkage percent 
age of 5 to 15%, 

(b) Weaving the thermoplastic ?ber to form a Woven 
fabric, and 

(c) subjecting the Woven fabric to a shrinkage treatment 
under adjustment of an overfeeding percentage in order 
to provide the Woven uncoated air bag fabric With a 
pore distribution value (PD) expressed by equation (1) 
of pores formed in the thermoplastic ?ber is 2.0 or 
smaller, and air permeability at differential pressure of 
20 kPa is 2.5 (L/cmz/min) or loWer, Wherein 

PD=(FDmax—FDmin)/FDave (Equation 1) 

FDmax: maximum pore size 
FDmin: minimum pore size 
FDave: average ?oW rate pore size 
2. The method according to claim 1, Wherein the thermo 

plastic ?ber comprises a polyamide. 
3. The method according to claim 1, Wherein the thermo 

plastic ?ber comprises a polyester. 
4. The method according to claim 1, Wherein subjecting 

the Woven fabric to a shrinkage treatment under adjustment 
of an overfeeding percentage comprises subjecting the 
Woven fabric to an apparatus that performs longitudinal and 
lateral overfeeding of about 2 to about 15%. 

5. The method according to claim 4, Wherein the thermo 
plastic ?ber comprises a polyamide. 

6. The method according to claim 4, Wherein the thermo 
plastic ?ber comprises a polyester. 

7. The method according to claim 1, Wherein the differ 
ence between crimp percentage of the fabric in the longitu 
dinal direction and that in the lateral direction is 4% or loWer 
after the shrinkage treatment. 

8. The method according to claim 7, Wherein the thermo 
plastic ?ber comprises a polyamide. 
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9. The method according to claim 7, Wherein the thermo 
plastic ?ber comprises a polyester. 

10. The method according to claim 7, Wherein subjecting 
the Woven fabric to a shrinkage treatment under adjustment 
of an overfeeding percentage comprises subjecting the 
Woven fabric to an apparatus that performs longitudinal and 
lateral overfeeding of about 2 to about 15%. 

11. The method according to claim 10, Wherein the 
thermoplastic ?ber comprises a polyamide. 

12. The method according to claim 10, Wherein the 
thermoplastic ?ber comprises a polyester. 

13. A method of producing a Woven uncoated air bag 
fabric comprising: 

(a) providing an original yarn of a thermoplastic ?ber that 
has a single yarn size of 8 d or loWer, a total yarn size 
of 100 to 700 d, and a boiling Water shrinkage percent 
age of 5 to 15%, 

(b) Weaving the thermoplastic ?ber to form a Woven 
fabric, and 

(c) subjecting the Woven fabric to a shrinkage treatment 
under adjustment of an overfeeding percentage in order 
to provide the Woven uncoated air bag fabric With a 
permeating deformation index (PI) expressed by equa 
tion (2) of the thermoplastic ?ber in a range from 0.1 
to 0.6, and air permeability of the fabric at differential 
pressure of 20 kPa is 1.0 (L/cmz/min) or loWer, Wherein 

PI=M(3)><(Den><p/f)1/2 (Equation 2) 

M(3): tensile resistance value (g/d) of the ?ber of the 
fabric at 3% elongation 

Den: denier (d) of the ?ber constructing the fabric 
f: the number (pcs) of mono ?laments of multi ?laments 

constructing the fabric 
p: density of thermoplastic ?ber (g/cm3). 
14. The method according to claim 13, Wherein the 

thermoplastic ?ber comprises a polyamide. 
15. The method according to claim 13, Wherein the 

thermoplastic ?ber comprises a polyester. 
16. The method according to claim 13, Wherein subjecting 

the Woven fabric to a shrinkage treatment under adjustment 
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of an overfeeding percentage comprises subjecting the 
Woven fabric to an apparatus that performs longitudinal and 
lateral overfeeding of about 2 to about 15%. 

17. The method according to claim 16, Wherein the 
thermoplastic ?ber comprises a polyamide. 

18. The method according to claim 16, Wherein the 
thermoplastic ?ber comprises a polyester. 

19. The method according to claim 13, Wherein the 
difference betWeen crimp percentage of the fabric in the 
longitudinal direction and that in the lateral direction is 4% 
or loWer after the shrinkage treatment. 

20. The method according to claim 19, Wherein the 
thermoplastic ?ber comprises a polyamide. 

12 
21. The method according to claim 19, Wherein the 

thermoplastic ?ber comprises a polyester. 
22. The method according to claim 19, Wherein subjecting 

the Woven fabric to a shrinkage treatment under adjustment 
of an overfeeding percentage comprises subjecting the 
Woven fabric to an apparatus that performs longitudinal and 
lateral overfeeding of about 2 to about 15%. 

23. The method according to claim 22, Wherein the 
thermoplastic ?ber comprises a polyamide. 

24. The method according to claim 22, Wherein the 
thermoplastic ?ber comprises a polyester. 

* * * * * 


